longitudinally within the device. Measurements are carried out with a battery-supplied, constant a.c. sensing current of #500 nA; this is well below the onset of current-induced non-equilibrium effects. The induced transverse voltages are coupled through electrically isolated, low-noise differential amplifiers to a set of commonly synchronized lock-in amplifiers, which enable simultaneous acquisition of three signal channels. Both longitudinal and transverse resistances are recorded. The device is maintained at liquid helium temperature, while a magnetic field is applied within the epilayer plane via a precisely controlled, three-axis superconducting magnet. Magnetoresistance is obtained with a field oriented 158 away from [110] and ramped at a rate of 15 Oe s
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Correspondence and requests for materials should be addressed to M.L.R. (roukes@caltech.edu). In the present-day climate, surface water salinities are low in the western tropical Pacific Ocean and increase towards the eastern part of the basin 1 . The salinity of surface waters in the tropical Pacific Ocean is thought to be controlled by a combination of atmospheric convection, precipitation, evaporation and ocean dynamics 2 , and on interannual timescales significant variability is associated with the El Niño/Southern Oscillation cycles. However, little is known about the variability of the coupled oceanatmosphere system on timescales of centuries to millennia. Here we combine oxygen isotope and Mg/Ca data from foraminifers retrieved from three sediment cores in the western tropical Pacific Ocean to reconstruct Holocene sea surface temperatures and salinities in the region. We find a decrease in sea surface temperatures of ,0.5 8C over the past 10,000 yr, whereas sea surface salinities decreased by ,1.5 practical salinity units. Our data imply either that the Pacific basin as a whole has become progressively less salty or that the present salinity gradient along the Equator has developed relatively recently.
On interannual timescales, the El Niño/Southern Oscillation (ENSO) causes large changes in salinity over the equatorial Pacific as the warm, low-salinity waters from the western tropical Pacific (WTP) are advected east into the central Pacific. This redistribution of warm waters along the Equator also alters the locus of atmospheric convection and seems to enhance the transport of heat from the tropics to higher latitudes [2] [3] [4] . On longer timescales it is possible that other modes of variability have existed that can only be ascertained through analysis of long proxy records.
We reconstructed WTP sea surface temperature (SST) and the stable oxygen isotope composition of surface water (d 18 O SW ) variability through the Holocene as a method of determining how the freshwater flux and ocean dynamics varied in the past and how that variability affected salinity gradients in the tropics. In the WTP, sea surface salinity (SSS) and d 18 (Fig. 1) . Samples from the Indonesian sites provide a multidecadal (MD81 and MD76) to centennial (MD70) temporal resolution through the entire Holocene, whereas the open-ocean ODP Site 806 record is of millennial resolution. Other high-quality late Pleistocene and early Holocene records are available from the Sulu Sea 10 but do not provide a continuous record through the entire Holocene. The sites discussed here are all located between 68 N and 118 S (Fig. 1 ) and the chronology for each core is based on radiocarbon dating of fossil carbonates.
Between 10 kyr ago and the late Holocene, the d 18 O of G. ruber (d 18 O C ) at each of the WTP sites decreased by ,0.4‰ (Fig. 1 ). Because this trend occurred after Northern Hemisphere ice sheets had mostly retreated, a change in ice volume cannot account for the (Fig. 2) . This seems to be a robust feature of each of the records between 68 N and 118 S and is therefore unlikely to be solely a result of summer isolation changes associated with the precessional cycle. Changes in cloud albedo, evaporation and ocean dynamics arising from the precessional forcing might have contributed to the change in SST 12 . But on the basis of these data alone, we cannot ascertain how these factors combined to cause the higher temperatures during the early Holocene. Nonetheless, the trend in SST does not explain the decreasing foraminiferal d 13 , indicating these higher salinities extended over large portions of the WTP (Fig. 1) . The higher d
18
O SW values from the Great Barrier Reef were interpreted to reflect enhanced evaporation over that portion of the WTP during the middle Holocene. We find it difficult to reconcile the higher d 18 O SW values that we observe in the early to middle Holocene in the northern WTP with increased evaporation because the surface salinities in this region are so strongly influenced by summer monsoon precipitation, which most climate models indicate would have been enhanced in the middle Holocene by increased solar heating in boreal summer associated with the precessional forcing 14 . Today, the northern WTP receives in excess of 2 m of rainfall during the summer monsoon. The isotopic composition of this water is about 26.5‰. Groundwater of early to late Holocene age from the Philippines has the same d
O SMOW as modern rainwater, indicating that the source of moisture to the region has not changed during the Holocene 5 . Therefore, if the isotopic composition of rain has not changed, an isotope mass balance calculation (with no change in ocean transport) would require there to have been a decrease in rainfall of more than 2 m (the entire seasonal rainfall amount today) to shift a 25-m-thick ocean mixed layer by the observed 0.5‰. There is no evidence for such a drastic decrease in monsoon rainfall during the Holocene. In fact, the early to middle Holocene groundwater d 18 O SMOW values imply that there has been a persistent and strong monsoon system throughout the Holocene 1 . We conclude that the increased d
O SW values in the early Holocene were not due to increased evaporation but rather were the result of either increased westward advection of salty waters through the WTP, which would imply very different salinity gradients along the Equator compared with today or that the Pacific surface waters as a whole have become progressively less salty.
With only a limited number of high-resolution Holocene d
O SW records available from other parts of the global ocean it is not possible to assess whether the observed changes in the WTP reflect a larger, basin-scale change in the isotopic composition of the ocean. However, numerical model simulations have suggested that sustained shifts in the location of the Intertropical Convergence Zone (ITCZ) over the tropical Atlantic Ocean would probably affect the vapour flux to the Pacific, and change the fresh water as well as the isotopic balance over the oceans 15 . A persistent displacement of the ITCZ to more northerly latitudes in summer would act to trap isotopically light vapour within the Atlantic basin and decrease the vapour gain in the Pacific. The salinity and d
18 O changes we document from the WTP occurred in close association with the precessional cycle and with enhanced solar heating in the northern tropics during the early Holocene, which would have tended to pull the ITCZ north off its present summer latitude 14 . Over the course of millennia a northerly bias in the latitude of the ITCZ and reduced vapour transport between the oceans could have affected the isotopic composition of Pacific surface waters. At present there are no continuous SSS records from the tropical Atlantic and eastern Pacific that span the entire Holocene and provide the same temporal resolution that is available for the WTP. Nonetheless, previous studies have documented an early Holocene pluvial over North Africa and a stronger Indian Ocean summer monsoon in response to Earth's precessional cycle 16, 17 . Cariaco Basin sediments also contain evidence of higher rainfall in northern South America during the early Holocene, with increasingly arid conditions developing during the past 5,000 yr (ref. 18) . These data all point to tropic-wide changes in the hydrological cycle that have been attributed to a more northerly position of the ITCZ during the early Holocene in response to changes in solar radiation associated with the precessional cycle. Data from other parts of the Pacific and Atlantic will now be required for an assessment of whether the changes in the hydrologic cycle affected the salinity gradient between the Pacific and Atlantic Oceans. If so, millennial to centennial scale changes in Holocene ocean thermohaline circulation would be directly affected by ocean-atmosphere processes that have occurred in the tropics.
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